(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 0 922 637 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) Date of publication: 


(51) Intel* B64G 1/50, H01M 10/50 


16.06.1999 Bulletin 1999/24 


(21) Application number: 98309395.6 




(22) Date of filing: 17.11.1998 




(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Ft FR GB GR IE IT LI LU 


• Hall, John C. 


MC NL PT SE 


Saratoga, California 95070 (US) 


Designated Extension States: 


• Gelon, Walter S. 


AL LT LV MK RO SI 


Redwood City, California 94065 (US) 


(30) Priority: 05.12.1997 US 985452 


(74) Representative: Vaufrouard, John Charles 




Elkfngton and Fife 


(71) Applicant: Space Systems/Loral, Inc. 


Prospect House 


Palo Alto, California 94303 (US) 


8 Pembroke Road 




Sevenoaks, Kent TN13 1XR (GB) 



(54) Satellite with east and west battery radiators 



CM 
< 

CO 
CO 

CM 
CM 
O) 



(57) A battery system for an body stabilized satellite 
travelling in a geosynchronous orbit comprises first and 
second battery modules (38, 44) and east and west fac- 
ing radiators (40, 46) for discharging heat to deep space. 
Heat conduction arteries (42, 48) connect each battery 
module to its associated radiator (40, 46). An east ther- 
mal switch (50) is operable for thermally connecting the 
first battery module (38) to and from the east facing ra- 
diator (40). Similarly, a west thermal switch (52) is op- 
erable for thermally connecting the second battery mod- 
ule (44) to and from the west facing radiator (46). A com- 
puter (54) selectively operates the east and west ther- 
mal switches (50, 42) such that, in one instance, for a 
time between the satellite's emergence from the earth's 
shadow and its position nearest the sun, the respective 
thermal switches thermally connect the first battery 
module (38) to its radiator (40) while thermally discon- 
necting the second battery module (44) from its radiator 
(46). In another instance, beginning when the satellite 
is nearest the sun and ending as it enters the earth's 
shadow, the east thermal switch (50) thermally discon- 
nects the first battery module (38) from its radiator (40) 
while the west thermal switch (52) thermally connects 
the second battery module (44) to its radiator (46). In 
still another instance, beginning when the satellite is in 
the shadow of the earth, the battery modules (38, 44) 
are simultaneously thermally connected to their associ- 
ated radiators (40, 46). Charging of each battery pro- 
ceeds while it is thermally connected to its respective 
radiator. 
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Description 

[0001] The present invention relates generally to bat- 
teries for spacecraft applications and, more particularly, 
to the relocation of the battery radiators to the generally 
unused east and west surfaces of a body stabilized sat- 
ellite. Although the term geosynchronous satellite is 
used throughout the disclosure, it will be understood that 
the invention is applicable to any orbiting satellite which 
maintains opposing faces normal to the sun line 
throughout the orbit. 

[0002] The payload capacity of a commercial geosyn- 
chronous satellite may be limited by the ability of the 
satellite to reject waste heat. Heat rejection in space is 
accomplished by thermal radiation which in turn is most 
efficiently carried out when the radiation surface is not 
directly exposed to the sun. For body stabilized satellites 
with continuously operating payloads only the north and 
south facing surfaces generally meet this requirement. 
The other surfaces of the satellite body (east west, 
earth, anti earth) are all exposed, on an intermittent ba- 
sis, to direct sunlight. These surfaces then heat up due 
to the solar flux impingement, and thus cannot be used 
as efficiently to dissipate heat from equipment which op- 
erates continuously due to absorbed solar radiation. 
The net result is a restriction in spacecraft/payload ca- 
pability thermal dissipation. 

[0003] This restriction is partially addressed, at 
present, by locating some equipment which can operate 
at very high temperatures on the east and west faces of 
the satellite. An example of such equipment is the output 
multiplexer (OMUX) for a communication satellite. As 
the OMUX is a non-electronic component, it is capable 
of operating at temperatures above 1 00°C and may thus 
still usefully dissipate heat even when its mounting sur- 
face is subject to direct solar illumination. The OMUX, 
however, does not normally require the total area of the 
east and west satellite faces. It is the purpose of this 
invention to enable the relocation of other equipment 
from the north/south to the east/west faces of the satel- 
lite. This relocation, in turn, will free up added north 
south radiator area for electronic equipment which must 
operate continuously and thus increase satellite capa- 
bility. 

[0004] The spacecraft battery represents a candidate 
piece of satellite equipment to relocate to the east and 
west faces of the satellite. An obvious feature of the bat- 
tery is that it produces its maximum heat when dis- 
charged; and discharge in turn usually occurs when the 
satellite is shadowed by the earth and there is no inci- 
dent solar radiation on the east and west surfaces (high- 
est thermal satellite radiation capability). The battery is 
recharged during periods of solar illumination when al- 
ternately the east and west surfaces of the satellite are 
exposed to the sun. Heat rejection from the battery is 
required during recharge to cool the battery which has 
heated during the high rate discharge and reject heat 
generated during the inefficient periods of recharge 



which occur as the battery reaches a full state of charge. 
However, recharge need not be continuous and, in fact, 
for a satellite with batteries located on both the east and 
west faces recharge may be sequenced such that it oc- 

5 curs first on the shaded west face after eclipse dis- 
charge and then on the shaded east face. 
[0005] The above is well recognized by those skilled 
in the art, and, for example the Russian Yamal satellite 
employs east and west located batteries combined with 

10 sequence charging in which only the shaded battery is 
recharged. There are, however, problems with the 
Yamal type implementation of east west batteries which 
include: 

is (1 ) The quiescent battery temperature may be ad- 
versely increased by solar radiation which will in- 
crease its temperature of operation during eclipse 
thereby decreasing the degree to which it can be 
cooled during recharge. The net result of this is that 

20 the capacity of the battery will be reduced as it may 
not reached the optimum recharge temperatures 
taught in U.S. Patent Number 5,395,706 

(2) As the batteries are sequence charged with less 
25 than 12 hours cooling per battery the radiator area 
per unit of battery capacity must be larger to cool 
the individual batteries in the shorter time period vs. 
north south batteries. 

30 (3) As the radiators are larger the power required to 
maintain the battery above minimum temperature 
is larger which adversely impacts the allocation of 
solar array power (typically valued at $1 000 per watt 
for space applications) to battery heaters. 

35 

(4) Sequentially recharging batteries leads, on a 
two bus satellite, to a unbalanced condition be- 
tween the stored energy in the two busses when the 
batteries recharge. This imbalance, in turn, may re- 

40 quire shutting down the payload in an emergency 
loss of lock condition. 

(5) If the batteries are also used as the power 
source for electric thrusters (used, for example, for 

45 north south station keeping) logistical problems may 
be encountered if the battery used for energy during 
thrust is exposed to the sun at a specified firing time. 

It was with knowledge of the foregoing that the present 
50 invention has been conceived and is now reduced to 
practice. 

[0006] According to one aspect of the invention there 
is provided a battery system for a body stabilized satel- 
lite travelling in an orbit and having generally north, 
55 south, east, west, earth, and anti earth faces the system 
comprising a first battery module mounted on the satel- 
lite, an east facing radiator for discharging heat to deep 
space from said first battery module 38, an east heat 
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conduction artery connecting the first battery module 
and the east facing radiator, a second battery module 
mounted on the satellite, a west facing radiator for dis- 
charging heat to deep space from the second battery 
module, a west heat conduction artery connecting the 
second battery module and the west facing radiator, 
east thermal switch means operable for thermally con- 
necting the first battery module to the east facing radi- 
ator and for thermally disconnecting the first battery 
module from the east facing radiator, west thermal 
switch means operable for thermally connecting the 
second battery module to the west facing radiator and 
for thermally disconnecting the second battery module 
from the west facing radiator and a controller for selec- 
tively operating the east and west thermal switch means 
whereby, in one instance, the east thermal switch 
means thermally connects the first battery module to the 
east facing radiator while the westthermal switch means 
thermally disconnects the second battery module from 
the west facing radiator and, in another instance, the 
east thermal switch means thermally disconnects the 
first battery module from the east facing radiator while 
the west thermal switch means thermally connects the 
second battery module to the west facing radiator and, 
in still another instance, simultaneously thermally con- 
nects the first battery module to the east facing radiator 
and thermally connects the second battery module to 
the west facing radiator. 

[0007] According to another aspect of the invention 
there is provided a battery system as claimed in claim 
1 , including a first crossing heat conduction artery con- 
necting the east heat conductive artery and the west fac- 
ing radiator, the east thermal switch means being selec- 
tively operable for thermally connecting the east battery 
module to the west facing radiator and for thermally dis- 
connecting the east battery module from the west facing 
radiator and a second crossing heat conduction artery 
connecting the west heat conductive artery and the east 
facing radiator, the westthermal switch means being se- 
lectively operable for thermally connecting the west bat- 
tery module to the east facing radiator and for thermally 
disconnecting the west battery module from the east 
facing radiator. 

[0008] The present invention relates to a battery sys- 
tem for an body stabilized satellite travelling in a geo- 
synchronous orbit comprising east and west battery 
modules and similarly facing radiators for discharging 
heat to deep space. Heat conduction arteries connect 
each battery module to its associated radiator. An east 
thermal switch is operable for thermally connecting the 
east battery module to and from the east facing radiator. 
Similarly, a west thermal switch is operable for thermally 
connecting the west battery module to and from the west 
facing radiator. The switches are selectively operated 
such that, in one instance, for a time between the satel- 
lite's emergence from the earth's shadow near local mid- 
night and its position near local noon, the respective 
thermal switches thermally connect the west battery 



module to its radiator while thermally disconnecting the 
east battery module from its radiator. In another in- 
stance, beginning when the satellite is near local noon 
and ending as it enters the earth's shadow, the west 

5 thermal switch thermally disconnects the west battery 
module from its radiator while the east thermal switch 
thermally connects the east battery module to its radia- 
tor. In still another instance, beginning when the satellite 
is in the shadow of the earth, the battery modules are 

10 simultaneously thermally connected to their associated 
radiators. Charging of each battery proceeds while it is 
thermally connected to its respective radiator. 
[0009] In another manner of explanation, the inven- 
tion relates to the technique of relocating the battery ra- 

J5 diators to the generally unused east and west surfaces 
of a body stabilized satellite. Thermal radiators in body 
stabilized satellites are normally placed on the north and 
south satellite faces as these faces typically have a max- 
imum solar incidence angle of only 23.5° Relocation of 

20 the battery to the east and west faces is possible as bat- 
teries do not operate continuously when the satellite is 
exposed to the sun. Relocation is enabled with novel 
use of variable conduction heat pipes (optimally other 
thermal switching methods may be employed such as 

25 diode heat pipes and gas filled bladders) and se- 
quenced charging of the batteries with controlled over- 
charge. The invention enables substantial increases in 
satellite payload power by providing additional radiator 
area on the north and south surfaces for equipment 

30 which must operate continuously and provides addition- 
al mounting area for this equipment. 
[001 0\ A primary feature of the invention, then, is that 
it permits the relocation of the battery radiators of a ge- 
osynchronous satellite to the generally unused east and 

35 west surfaces of a body stabilized satellite. 

[0011] Another feature of the invention is to provide 
such a technique according to which the satellite has a 
pair of batteries, each with an associated radiator, one 
radiator being east facing for discharging heat from an 

40 east battery to deep space, another radiator being west 
facing for discharging heat from a west battery to deep 
space. 

[001 2] A refinement of the invention is to provide such 
a technique according to which one smaller, auxiliary, 

45 radiator is provided on the north face of the satellite and 
thermally connected to the east or west battery module 
and another smaller, auxiliary, radiator is provided on 
the south face of the satellite and thermally connected 
to the west or east battery module. 

50 [001 3] A further feature of the invention is to provide 
such a technique according to which, in a first instance, 
the east battery module is thermally connected to the 
east facing radiator while the west battery module is 
thermally disconnected from the west facing radiator; in 

55 a second instance, the west battery module is thermally 
connected to the west facing radiator while the east bat- 
tery module is thermally disconnected from the east fac- 
ing radiator; and in a third instance, simultaneously, the 
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east battery module is thermally connected to the east 
facing radiator and the west battery module is thermally 
connected to the west facing radiator. Furthermore, the 
two batteries may be thermally connected to each other, 
with, for example, heat pipes. The two batteries may 
then simultaneously reject heat from either the east, 
west or east and west radiators. 
[001 4] A refinement of the invention is to provide such 
a technique according to which one smaller, auxiliary, 
radiator is provided on the north face of the satellite and 
thermally connected to the east or west battery module 
and another smaller, auxiliary, radiator is provided on 
the south face of the satellite and thermally connected 
to the west or east battery module. 
[001 5] A refinement of the method of the invention is 
to provide such a manner of operation in which the first 
instance is performed during a finite period of the geo- 
synchronous orbit of the satellite beginning as the sat- 
ellite emerges from the shadow of the earth and ending 
when the satellite is closest to the sun at local noon, in 
which the second instance is performed during a finite 
period of the geosynchronous orbit of the satellite be- 
ginning when the satellite is closest to the sun and end- 
ing as the satellite enters the shadow of the earth; and 
in which the third instance is performed during a finite 
period of the geosynchronous orbit of the satellite be- 
ginning when the satellite is in the shadow of the earth. 
[0016] A further feature of the invention is to provide 
such a technique according to which charging of each 
battery proceeds while it is thermally connected to its 
respective radiator. 

[001 7] In order that the invention and its various other 
preferred features may be understood more easily, 
some embodiments thereof will now be described, by 
way of example only, with reference to the drawings, in 
which:- 

Fig. 1 is a diagrammatic representation, in perspec- 
tive, of a body stabilized satellite travelling in a ge- 
osynchronous orbit about the earth and embodying 
a battery system constructed in accordance with the 
invention, 

Fig. 2 is a plan view of all components illustrated in 
Fig. 1, 

Fig. 3 is a schematic representation of a battery sys- 
tem constructed in accordance with the invention, 

Fig. 4 is a diagrammatic representation of one form 
of a thermal switch device for use with a battery sys- 
tem of the invention, 

Fig. 5 is a graph displaying, over time, comparative 
recharge profiles for batteries operated with a typi- 
cal full taper charge versus a recharge profile in 
which charging is terminated at the peak of the heat 
generation curve and 



Fig. 6 is a graph displaying the effect on battery tem- 
perature of timing of the operation of the thermal 
switch devices thermally connecting the battery 
modules to their respective radiators. 

5 

Like numerals refer to like parts throughout the disclo- 
sure. 

[001 8] Turn now to the drawings and, initially, to Figs. 
1 and 2 which illustrate a body stabilized satellite 20 ex- 

10 hibiting x, y, and z axes and travelling in a geosynchro- 
nous orbit 22 about the earth E and having north and 
south faces 24, 26, respectively, east and west faces 
28, 30, respectively, and earth and anti earth faces 32, 
34, respectively. 

?5 [0019] A modular spacecraft battery system 36 (Fig. 
3) for the satellite 20 comprises an east battery module 
38 suitably mounted on the satellite 20, an east facing 
radiator 40 for discharging heat to deep space from the 
east battery module, and an east heat conduction artery 

20 42 of suitable construction connecting the east battery 
module and the east facing radiator. In similar fashion, 
a west batten/ module 44 is mounted on the satellite 20 
and is associated with a west facing radiator 46 for dis- 
charging heat to deep space from the west battery mod- 

25 ule. A west heat conduction artery 48 connects the west 
battery module and the west facing radiator. The heat 
conduction arteries serve to transmit heat from each 
battery module to its associated radiator. Of course, for 
optimum efficiency, it is desirable for the heat conduc- 

30 tion arteries to be of minimal length. 

[0020] As schematically represented in Fig. 3, an east 
thermal switch device 50 is operable for thermally con- 
necting the east battery module 38 to the east facing 
radiator 40 and, conversely, for thermally disconnecting 

35 the east battery module from the east facing radiator. In 
a similar manner, also as schematically represented in 
Fig. 3, a west thermal switch device 52 is operable for 
thermally connecting the west battery module 44 to the 
west facing radiator 46 and, conversely, for thermally 

40 disconnecting the west battery module from the west 
facing radiator. 

[0021] A suitable controller 54 is provided for selec- 
tively operating the east and west thermal switch devic- 
es 50, 52 such that, in one instance, the east thermal 

45 switch device 50 thermally connects the east battery 
module 38 to the east facing radiator 40 while the west 
thermal switch device 52 thermally disconnects the west 
battery module 44 from the west facing radiator 46. In 
another instance, the east thermal switch device ther- 

50 mally disconnects the east battery module from the east 
facing radiator while the west thermal switch device 
thermally connects the west battery module to the west 
facing radiator. In still another instance, the switch de- 
vices 50, 52 simultaneously thermally connect the east 

55 battery module to the east facing radiator and thermally 
connect the west battery module to the west facing ra- 
diator. 

[0022] The present invention addresses the previous- 
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ly mentioned problems by first employing suitable appa- 
ratus to thermally disconnect a battery module from its 
east or west facing radiator when the radiator is subject 
to high incident solar illumination. One way of accom- 
plishing this is through the use of a variable conduction 
heat pipe 50, 52 (Fig. 4) which can commandably be 
turned on or off. Such heat pipes (described for example 
in the Handbook of Applied Thermal Design, E. C. Guy- 
er, Editor in Chief, McGraw-Hill Book Company, New 
York, etc., 1 989, pages 7-50 through 7-58) are built with 
a non -condensable gas reservoir 56. 
[0023] For example, viewing Fig. 4, heating a non- 
condensable gas such as nitrogen in a reservoir 56 of 
a thermal switch device 50, 52 causes it to expand and 
force the condensable gas back into a heat pipe 60 in 
fluid communication therewith thereby restricting the 
length over which the heat pipe 60 acts to conduct heat. 
If the heat pipe 60 is joined to a second heat pipe 62 
and radiator 40, 46 beyond the above non-condensable/ 
condensable gas juncture, then alternatively heating 
and cooling the noncondensable gas will act to discon- 
nect or connect a heat source such as the battery mod- 
ules 38, 44 to a radiator. Also associated with the ther- 
mal switch devices 50, 52 and, more specifically, with 
the reservoir 56 are a heater 63 for heating the non -con- 
densable gas and a radiator 63A for drawing heat away 
from the reservoir. 

[0024] The present invention, then, may use a varia- 
ble conduction heat pipe to create a thermal switch be- 
tween an east or west battery module and its associated 
radiator. Note that the same effect could be achieved 
with other forms of thermal switching, for example, a di- 
ode heat pipe or a thermal joint based on a fusible alloy 
or the inflation of a helium bladder. The critical feature 
is the commandability of the thermal connection be- 
tween the heat source and the heat rejection system. 
Based on the schematic diagram illustrated in Fig. 4, it 
can be seen that many of the previously enumerated 
problems with east west batteries are solved, for exam- 
ple: 

by opening the thermal switch the heating of the bat- 
tery is prevented when its radiator is exposed to the 
sun; 

by opening the thermal switch when the battery is 
near its minimum desired temperature the need for 
a battery heater is reduced or eliminated as the bat- 
tery will not be further excessively cooled; and 

if the batteries must be discharged with sun on the 
radiator (e g, electric thruster operation) this may 
be carried out adiabatically (that is, without gain or 
loss of heat) with the thermal switch open and the 
thermal mass of the battery used to control its tem- 
perature. Subsequent battery cooling and recharge 
may be carried out once the battery radiator is suf- 
ficiently pointed away from the sun. 



[0025] These features of the invention for a geosyn- 
chronous satellite are schematically illustrated in Fig. 2. 
As the satellite 20 exits eclipse 64, the east sun lit bat- 
tery module 38 is isolated from its radiator 40 while the 
5 west shaded battery module 44 is being recharged. 
West battery module recharge proceeds until such time 
as the satellite reaches the high noon point of its orbit. 
At this point, the fully charged west battery module is 
returned to open circuit and disconnected from its radi- 
10 ator while the east battery is connected to its radiator 
and its recharging begins. With both batteries fully 
charged, the west radiator is reconnected prior to the 
satellite again entering eclipse 64. 
[0026] The problem of capacity optimization while si- 
15 multaneously limiting the required radiator area required 
by the battery or battery modules has been addressed 
by optimization of the recharge profile. In Fig. 5, com- 
parative recharge profiles are given for batteries oper- 
ated with a typical full taper charge (such as taught in 
20 commonly assigned U.S Patents, Nos. 5,395,706 and 
5,652,073) versus a recharge profile in which charging 
is terminated at the peak of the heat generation curve. 
Note that when recharge is terminated at the peak of the 
heat generation curve, less than 1% of the battery ca- 
25 pacity is lost. The effect of this, however, is to reduce 
the recharge temperature rise by 10°C. Of course, this 
reduction in temperature could also be achieved with a 
larger radiator. This solution, however, entails its own 
mass impact and may affect satellite payload capability. 
30 [0027] The reduced temperature at the end of charge 
is critical not only for limiting the maximum temperature 
reached during the subsequent recharge but for also 
limiting temperature increases during periods when the 
battery is disconnected from its radiator. Recall that the 
35 battery may be disconnected from its radiator to elimi- 
nate solar heating. However, even with this heat source 
removed, it is anticipated that the battery temperature 
will rise due to satellite heat leakage into the battery 
modules and due to battery self discharge, for example: 

40 

NiOOH + KH 2 -+ NtO^ (1 ) 

[0028] Temperature rise with the radiator disconnect- 
45 ed is further controlled by timing the operation of the 
thermal switch. The incident angle of the sun on the bat- 
tery radiator changes from 0° to 90° over a six hour pe- 
riod. The actual heat input into the battery is a function 
of the sine of the angle of incident solar radiation tndi- 
50 cated by arrows 65 in Fig. 2. During early periods of il- 
lumination and just prior to shadowing, the net heat flow 
is to the radiator. Efficient implementation is therefore 
achieved by proper timing of the operation of the thermal 
switch devicess 50, 52. This may be further optimized 
55 by ending discharge one to two hours before radiator 
rotation to the sun as self discharge exponentially de- 
cays after the termination of charge. The effect of this 
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optimization is illustrated in Fig. 6. 
[0029] In still another embodiment of the invention, as 
seen in Fig. 3, crossing heat conduction arteries 66, 68 
may connect the two battery modules 38, 44. In this em- 
bodiment, a battery module may be disconnected from 
its own radiator but connected to the radiator of the op- 
posite battery module. This approach may allow dissi- 
pation of serf discharge and leak heat during periods of 
direct radiator isolation. 

Alternatively, viewing Figs. 1 and 3, each battery module 
38, 44 may have small auxiliary north and south radia- 
tors 70, 72 associated respectively with the battery mod- 
ules 38, 44 which operate continuously. The auxiliary 
north and south radiators 70, 72 are typically located in 
the planes of the north and south faces 24, 26, respec- 
tively. In another instance, it is within the scope of the 
invention to connect modules to auxiliary radiators on 
the anti-earth face using variable conductor heat pipes 
or diode heat pipes. 

[0030] An additional aspect of this invention deals 
with capacity imbalance. The imbalance issue may be 
partially addressed by simultaneously recharging both 
battery modules at eclipse for a short period (for exam- 
ple, 1-2 hours) prior to full sun illumination on the east 
battery module. This allows accumulation of some 
charge in the east battery module and limited full power 
operation in the event of a loss of solar lock. Loss of 
solar lock occurs when north and south arrays 74, 76, 
respectively (Figs. 1 and 3) are not facing the sun or for 
various reasons become unbalanced in the power they 
generate individually. The arrays 74, 76 serve both to 
recharge the battery modules 38, 44 and power the sat- 
ellite during the non-eclipse portion of the orbit 22. 
[0031] Still another aspect of the invention is using 
charging power supplies from both the east and west 
power conversion units to recharge both battery mod- 
ules. This limits the concentration of heat at a single 
charging system thereby promoting efficient satellite 
thermal design. 



Claims 

1 . A battery system for a body stabilized satellite (20) 
travelling in an orbit and having generally north, 
south, east, west, earth, and anti earth faces (24, 
26, 28, 30, 32, 34) the system comprising a first bat- 
tery module (38) mounted on the satellite, an east 
facing radiator (40) for discharging heat to deep 
space from said first battery module 38, an east 
heat conduction artery (42) connecting the first bat- 
tery module (33) and the east facing radiator (40), 
a second battery module (44) mounted on the sat- 
ellite (20), a west facing radiator (46) for discharging 
heat to deep space from the second battery module 
(44), a west heat conduction artery (48) connecting 
the second battery module (44) and the west facing 
radiator (46), east thermal switch means (50) oper- 



able for thermally connecting the first battery mod- 
ule (38) to the east facing radiator (40) and for ther- 
mally disconnecting the first battery module (38) 
from the east facing radiator (40), west thermal 
s switch means (52) operable for thermally connect- 
ing the second battery module (44) to the west fac- 
ing radiator (46) and for thermally disconnecting the 
second battery module (44) from the west facing ra- 
diator (46) and 

io a controller (54) for selectively operating the east 
and west thermal switch means (50, 52) whereby, 
in one instance, the east thermal switch means (50) 
thermally connects the first battery module (38) to 
the east facing radiator while the west thermal 

is switch means (52) thermally disconnects the sec- 
ond battery module (44) from the west facing radi- 
ator (46) and, in another instance, the east thermal 
switch means (50) thermally disconnects the first 
battery module (38) from the east facing radiator 

20 (40) while the west thermal switch means (52) ther- 
mally connects the second battery module (44) to 
the west facing radiator (46) and, in still another in- 
stance, simultaneously thermally connects the first 
battery module (38) to the east facing radiator (40) 

25 and thermally connects the second battery module 
(44) to the west facing radiator (46). 

2. A battery system as claimed in claim 1 , comprising 
an auxiliary north facing radiator (70) for discharg- 

30 ing heat to deep space from the first battery module 
(38), an auxiliary heat conduction artery connecting 
the first battery module (38) battery and the auxiliary 
north facing radiator (70), an auxiliary south facing 
radiator (72) for discharging heat to deep space 

35 from the second battery module (44), an auxiliary 
heat conduction artery connecting the second bat- 
tery module (44) and the south facing radiator (72) 
and auxiliary thermal switch means selectively op- 
erable for thermally connecting the auxiliary north 

40 facing radiator (70) to the first battery module (38) 
and for thermally connecting the auxiliary south fac- 
ing radiator (72) to the second battery module (44). 

3. A battery system as claimed in claim 1 or 2, includ- 
es ing: means for electrical ly charging each of the bat- 
tery modules. 

4. A battery system as claimed in claim 3 wherein said 
battery charging means includes: 

50 

a north face mounted solar array (74) electri- 
cally connected to the first battery module and 
a south face mounted solar array (76) electri- 
cally connected to the second battery module 

55 (44). 

5. A battery system as claimed in claim 1 , wherein the 
battery charging means includes a north face 
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mounted solar array (74) electrically selectively 
connected to either the first battery module (38) or 
the second battery module (44), or to both of the 
first battery module (38) and the second battery 
module (44) , a south face mounted solar array (76) s 
electrically connected to either the first battery mod- 
ule (38) or the second battery module (44), or to 
both the first battery module (38) and second bat- 
tery module (44), switch means operable for selec- 
tively connecting, electrically, the north face mount- 10 
ed solar array and said south face mounted solar 
array to said first and second battery modules, re- 
spectively and controller means (54) for operating 
the switch means. 

1S 

6. A battery system as claimed in claim 1 , including a 
first crossing heat conduction artery (66) connect- 
ing the east heat conductive artery (42) and the 
west facing radiator (46), the east thermal switch 
means (50) being selectively operable for thermally 20 
connecting the east battery module (38) to the west 
facing radiator (46) and for thermally disconnecting 
the east battery module (38) from the west facing 
radiator (46) and a second crossing heat conduc- 
tion artery (68) connecting the west heat conductive 2s 
artery (48) and the east facing radiator, the west 
thermal switch means (52) being selectively opera- 
ble for thermally connecting the west battery mod- 
ule (44) to the east facing radiator (40) and for ther- 
mally disconnecting the west battery module (44) 30 
from the east facing radiator (40). 

7. A method of arranging and operating a battery sys- 
tem for a body stabilized satellite travelling in a ge- 
osynchronous orbit and having north, south, east, 35 
west, earth, and anti earth faces, comprising the 
steps of> 

(a) mounting a first battery module internally to 

the satellite, 40 

(b) second battery module internally to the sat- 
ellite, 

(c) mounting an east facing radiator on the east 45 
face of the satellite for discharging heat to deep 
space from the first battery module, 

(d) mounting a west facing radiator on the west 
face of the satellite for discharging heat to deep so 
space from the second battery module, 

(e) in one instance thermally connecting the 
first battery module to the east facing radiator 
while thermally disconnecting the second bat- ss 
tery module from the west facing radiator, 

(f ) in another instance thermally connecting the 



second battery module to said west facing ra- 
diator in another instance while thermally dis- 
connecting the first battery module from the 
east facing radiator; and 

(g) in still another instance, simultaneously 
thermally connecting the first battery module to 
the east facing radiator and thermally connect- 
ing the second battery module to the west fac- 
ing radiator. 

8. A method of arranging and operating a battery sys- 
tem as claimed in claim 7, wherein the first battery 
module is mounted proximate the east facing radi- 
ator and the second battery module is mounted 
proximate the west facing radiator. 

9. A method of arranging and operating a battery sys- 
tem as claimed in claim 7 or 8, including the steps 

of:- 

(h) performing step (e) during a finite period of 
the geosynchronous orbit of the satellite begin- 
ning as the satellite emerges from the shadow 
of the earth and ending when the satellite is 
nearest the sun, 

(i) performing step (f) during a finite period of 
the geosynchronous orbit of the satellite begin- 
ning when the satellite is nearest the sun and 
ending as the satellite enters the shadow of the 
earth and 

(j) performing step (g) during a finite period of 
the geosynchronous orbit of the satellite begin- 
ning when the satellite is in the shadow of the 
earth. 

10. A method of arranging and operating a battery sys- 
tem as claimed in claims 7 to 9, including the step 

of:- 

(h) electrically charging each battery module 
while it is thermally connected to its respective 
one of the radiators. 

11. A method of arranging and operating a battery sys- 
tem as claimed im any one of claims 7 to 1 0, includ- 
ing the steps of> 

(k) charging the first battery module concur- 
rently with step (h); 

(I) charging the second battery module concur- 
rently with step (i); and 

(m) charging both the first battery and the sec- 
ond battery concurrently with step (j) . 
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1 2. A method of arranging and operating a battery sys- 
tem as claimed in any one of claims 7 to 1 1 including 
the step of :- 

(h) ending discharge of each of the battery 
modules a predetermined time before rotation 
to the sun of an associated one of the radiators. 
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